To ascertain whether the presence of left ventricular (LV) hypertrophy in patients with ST-segment elevation myocardial infarction (STEMI) influences microvascular dysfunction and LV remodelling at 6 months of follow-up.
Introduction
Unfavourable left ventricular (LV) remodelling, characterized by progressive chamber dilation, wall thinning, and systolic/diastolic dysfunction, can occur after acute myocardial infarction (AMI). This process involves several cellular and molecular mechanisms that begin days after AMI and persist for weeks or months after the initial insult, both at the site of infarction and in the surviving unaffected areas. 1 -4 In patients with ST-segment elevation AMI, persistent microvascular damage following successful reperfusion represents a powerful predictor of LV dilation, whereas reversible microvascular damage is associated with the prevention of LV remodelling. 5 Myocardial hypertrophy represents an important adaptive response to abnormal global or regional increase in cardiac work, although, at long-term follow-up, a transition to maladaptive remodelling may occur, due to an imbalance of the implicated signalling pathways. Previous studies in several clinical conditions have shown that myocardial hypertrophy is associated with the reduction of coronary flow reserve and vascular remodelling.
It is currently unknown whether LV hypertrophy may also influence post-AMI microvascular damage and LV remodelling. Thus, in the present study, we investigated the relation between LV hypertrophy and post-AMI LV remodelling, taking into account its possible effect on the extent and temporal changes of microvascular damage.
Methods

Study population
Fifty-six consecutive patients (48 males, mean age 59 + 10 years), admitted to our Coronary Care Unit with a confirmed diagnosis of ST-segment elevation AMI were enrolled in the study. The diagnosis of myocardial infarction was based on the following criteria: typical chest pain lasting .30 min and unresolved by nitroglycerin, ST-segment elevation .0.1 mV in at least two contiguous leads at the initial ECG, creatine kinase elevation three or more times higher than upper normal values. Exclusion criteria were: (i) cardiogenic shock or clinical instability; (ii) inadequate echocardiographic image quality; (iii) malignant life-threatening diseases; (iv) inability to give informed consensus.
The study was approved by the Ethical Committee of the Catholic University of the Sacred Heart and all patients gave informed consensus to participate in the study.
Recanalization strategy
In all patients, cardiac catheterization was performed by percutaneous femoral approach. After diagnostic coronary angiography, intracoronary nitroglycerin of 0.1 mg was administered to reverse any possible epicardial spasm. All patients underwent percutaneous coronary intervention-primary in 37, rescue in 19 patients-with stenting of the infarct related artery. Glycoprotein IIb/IIIa receptor inhibitors were used in all patients. Coronary angiograms were stored on compact disks for off-line analysis.
Flow in the infarct-related artery was graded by means of the Thrombolysis In Myocardial Infarction (TIMI) flow classification. 6 Successful PCI was defined as the restoration of TIMI 3 flow and residual stenosis ,20% at the end of the procedure.
Two-dimensional echocardiography and myocardial contrast echocardiography
Conventional two-dimensional echocardiography and myocardial contrast echocardiography (MCE) were performed in all patients within 24 h of coronary recanalization and at 6-month follow-up to assess LV volumes, LV regional and global function, and myocardial perfusion. Acoustic power and compression were maximized and gain settings were optimized at the beginning of each study and held constant throughout the examination. The focus was initially set at two-thirds of the depth of the image and then moved at the level of myocardial segment to better assess regional contractility and perfusion. The definitive setting of the ultrasound images was optimized after initial contrast infusion and kept constant throughout the study.
Myocardial contrast echocardiography studies were performed using real-time contrast pulse sequencing operating on a Sequoia ultrasound system (Siemens). Contrast pulse sequencing is a real-time MCE method that, thanks to the analysis of non-linear response of contrast bubbles in fundamental and higher harmonics, is able to provide an image with an excellent signal-to-noise ratio and with particularly high sensitivity and penetration using a very low mechanical index. Moreover, it allows to analyse myocardial perfusion throughout the full cardiac cycle and, given the enhanced delineation of the endocardial border, to better detect regional wall motion abnormalities. 7, 8 A second-generation ultrasound contrast agent (Sonovuew, Bracco), consisting of microbubbles containing sulphur hexafluoride surrounded by a phospholipid shell, was administered intravenously at the rate of 1 mL/min throughout the study. The mean size and concentration of microbubbles are 2.5 mm and 1 -5 × 10 8 mL
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, respectively.
Contrast images were acquired in apical four-chamber, twochamber, and long-axis views. As soon as myocardial videointensity had reached a plateau, a flash of ultrasound with very high mechanical index was given to destroy microbubbles in the area of interest. Then, as the peak of myocardial replenishment of bubbles was observed, images were digitally acquired and stored for off-line analysis.
Data analysis
Visual interpretation of echocardiograms was done by two experienced observers (L.G., F.A.G.), both blinded to patient's clinical data. Disagreement was resolved by consensus.
Left ventricular mass was calculated from M-mode records taken on parasternal long-axis images according to the formula: LV mass ¼ 0.8 × 1.04[(interventricular septum thickness at diastole + posterior wall thickness at diastole + LV diastolic diameter) 3 Regional wall motion was evaluated according to the recommendations of the American Society of Echocardiography, 12 and a regional wall motion score index (WMSI) was calculated by the sum of the score of dysfunctional segments divided by the number of these segments. Left ventricular end-diastolic (EDV) and end-systolic (ESV) volumes were calculated from four-chamber and two-chamber views using the modified Simpson biplane method. Left ventricular ejection fraction (EF) was then calculated with the formula [(LV EDV 2 LV ESV)/LV EDV] × 100. Left ventricular remodelling was defined as an increase in LV EDV ≥20% at follow-up, as previously demonstrated. 13 Myocardial opacification at MCE of each myocardial segment was visually assessed and semiquantitatively scored as previously published.
14 A single perfusion score was assigned based on both the change in myocardial signal intensity throughout the replenishment curve and the degree of opacification at the peak contrast effect. 15 Scores were graded as 1-normal (homogeneous opacification approximating that of the normal region at peak and normal rate of increase in signal); 2-reduced (partial or reduced opacification compared with the normal region at peak and/or reduced rate of increase in signal intensity); 3-absent (no opacification throughout replenishment time). A regional contrast score index (CSI) was calculated by the sum of MCE scores in each of the dysfunctional segments divided by the number of segments. 
Statistical analysis
Echocardiographic findings
The study population was divided in patients with LV hypertrophy (group A; n ¼ 18) and patients without LV hypertrophy (group B; n ¼ 38). Clinical characteristics of the two groups are reported in Table 1 . Both LV EDV and LV ESV measured within 24 h from percutaneous coronary intervention were higher in group A than in group B (123.7 + 28.3 vs. 105.4 + 28.1 mL; P ¼ ,0.05; 65.5 + 17.4 vs 57.4 + 23.3 mL; P , 0.05, respectively) (Figures 1 and 2) , whereas LV EF did not differ between the two groups (47.2 + 6.5 vs 46.5 + 10.1%; P ¼ NS) (Figure 3) .
At 6-month follow-up, both LV EDV and LV ESV remained higher in group A than in group B (132.2 + 33.1 vs 114.4 + 34.9 mL; P , 0.05, and 68.6 + 25.2 vs 57.9 + 27.6 mL, P , 0.05, respectively (Figures 1 and 2) , whereas LV EF did not differ between groups (48.4 + 9.2 mL vs 51.6 + 9.9%; P ¼ NS) (Figure 3) . Temporal changes in LV EDV, LV ESV, and LV EF in both groups did not reach statistical significance by two-way ANOVA.
Left ventricular remodelling occurred in 5/18 (22%) of group A patients and in 8/38 (29%) of group B patients (P ¼ NS).
Figures 4 and 5 represent examples of MCE in group A and group B, respectively. At 24 h, both WMSI and CSI did not differ between group A and group B (WMSI: 2.4 + 0.7 vs. 2.1 + 0.8, P ¼ NS, respectively; CSI: 1.8 + 0.5 vs 1.6 + 0.5; P ¼ NS, respectively) (Figures 6 and 7) . At 6-month follow-up, both WMSI and CSI significantly improved in the two groups (for group A: WMSI 2.1 + 0. Influence of LV hypertrophy group B: WMSI 1.8 + 0.6, P , 0.001 vs. 24 h; CSI 1.5 + 0.5, P , 0.05 vs. 24 h) (Figures 6 and 7) .
Discussion
The present study investigates, for the first time, the influence of LV hypertrophy on microvascular damage and LV remodelling after AMI treated with primary or rescue percutaneous coronary intervention. We demonstrate that patients with myocardial hypertrophy do not show different incidence of LV remodelling compared with patients without LV hypertrophy and that both groups of patients have similar extent and temporal changes of microvascular and myocardial dysfunction.
Left ventricular remodelling and myocardial hypertrophy
Left ventricular remodelling is characterized by structural parietal changes and progressive LV chamber dilatation. This process may occur in response to chronic increase in loading conditions in the setting of arterial hypertension or as a possible unfavourable evolution of AMI. Left ventricular remodelling is associated with unfavourable haemodynamic performance and adverse outcome at long-term follow-up, including symptomatic heart failure, death due to pump failure, and sudden cardiac death. 1, 2 In the setting of chronic pressure overload, myocardial hypertrophy is a major predictor of LV remodelling and adverse prognosis. In fact, LV hypertrophy is associated with alterations of myocardial perfusion, with a reduction of coronary flow reserve and vascular remodelling. In the setting of AMI, the role of LV hypertrophy in the transition towards LV remodelling has never been explored. In our study, we found that pre-existing myocardial hypertrophy is not associated with a higher occurrence of LV remodelling in patients with AMI, nor in a different pattern. 
Microvascular dysfunction and myocardial hypertrophy
In order to explore the mechanisms underlying the possible interaction between myocardial hypertrophy and LV remodelling after AMI, we assessed coronary microcirculation in vivo using MCE. Indeed, microvascular damage post-AMI is an important independent predictor of LV dilation. 16 We have previously demonstrated that microvascular damage is associated with LV dilation only when it is 'sustained' over time, whereas 'reversible' damage is associated with preserved LV volumes. 5 We have also reported that the recovery of microvascular perfusion is associated with the prevention of LV remodelling independent of the recovery of LV function. 17 In this study, the extent of microvascular damage was similar in patients with and without myocardial hypertrophy. Moreover, microvascular function recovered over time of the same amount in both groups. Thus, our data suggest that LV hypertrophy present at the time of AMI is not associated with additional impairment of microvascular perfusion and does not limit progressive improvement in post-ischaemic microvascular damage. Similarly, post-AMI myocardial dysfunction showed the same extent and temporal improvement in patients with and without LV hypertrophy.
Thus, the lack of correlation between LV hypertrophy and post-AMI microvascular and myocardial damage further supports the conclusion that pre-existing LV hypertrophy cannot be considered an additional adverse factor in the development of post-AMI LV remodelling.
Limitations
In this study, we have enrolled a relatively small study population and this might have affected the absence of clinical characteristics between the two groups. It is possible that a larger population may have also allowed to distinguish specific patterns of hypertrophy (concentric hypertrophy, eccentric hypertrophy, concentric remodelling) analysing the relative wall thickness and left ventricular mass index together, thus identifying a possible different response to AMI. Furthermore, the follow-up was limited to the first 6 months after AMI when it is known that most of LV remodelling occurs. Thus, this study does not allow to provide data on morbidity and mortality, which are known to be influenced by left ventricular mass. 18 Lastly, we did not perform systematic quantitation of replenishment curve of our MCE data. Despite possible introduction of errors, this analysis could have given additional information regarding the amount of myocardial perfusion. 19 However, MCE quantitation of flow has been shown to provide additional information only in the non-invasive assessment of coronary artery disease, such as during pharmacological stress MCE test. 20, 21 On the other hand, in the setting of AMI, semiquantitative MCE analysis is adequate to assess the extent of microvascular damage.
Conclusions
This study provides novel pathophysiological information on the role of LV hypertrophy on post-AMI LV remodelling, completed with the evaluation of post-AMI extent and temporal changes of coronary microcirculation. For the first time, we demonstrate that, in patients with AMI successfully treated by percutaneous coronary intervention, pre-existing myocardial hypertrophy is not associated with a higher occurrence of LV remodelling. In addition, in these patients, LV hypertrophy does not imply larger post-ischaemic microvascular and myocardial damage and it does not limit their temporal improvement.
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